Emotional memories are commonly recalled with an increased subjective sense of recollection
likewise affected by arousal, albeit in different ways depending on the type of detail (Rimmele et al., 2011; Rimmele et al., 2012; Boywitt, 2015) . For example, even though emotionally arousing vs. neutral stimuli are remembered with an increased subjective sense of recollection, memory for the color of a frame surrounding the recollected scenes is actually lower for emotionally arousing in contrast to neutral scenes (Rimmele et al., 2011) . In another study with stimuli of three distinct levels of arousal, context memory for the color of the frame of recollected scenes decreased linearly with increasing arousal while subjective context recollection followed an inverted U-shape relation to arousal (Boywitt, 2015) . In contrast, subjective recollection judgments as well as memory of the location of a scene were found to be higher for arousing material (Rimmele et al., 2012) , and equally increased for stimuli of medium and high levels of arousal (Boywitt, 2015) . These findings are consistent with two theoretical frameworks, in which arousal does not affect or even decreases memory for the color of the frame, considered as between-item feature (Mather, 2007) or extrinsic contextual detail (Kensinger, 2009b) , but does increase memory for the location of a scene, considered as within-item (Mather, 2007) or intrinsic item feature (Kensinger, 2009b) . In particular, the color of the frame can be described here as background or extrinsic contextual information, since a colored frame could be theoretically removed from the object of interest without changing the stimulus itself. In contrast, location has been considered a within-item or intrinsic item feature, since it is a constituent feature of any item, as any item necessarily has a location (Mather, 2007; Kensinger, 2009b) .
Given previous findings that the increased subjective sense of recollection for emotional material is accompanied by better memory for location, but not the color of a frame, it is possible that the enhanced subjective sense of recollection for emotional stimuli is linked to better memory for intrinsic, but not extrinsic contextual details.
EMOTION REGULATION EFFECTS ON SUBJECTIVE RECOLLECTION 6
The subjective arousal of an emotional experience can be lowered behaviourally by emotion suppression, an emotion regulation technique that requires a conscious modulation of one's own expressive behaviour (Gross & Levenson, 1993; Gross, 1998) . Employing emotion suppression has been shown to decrease the self-reported intensity of an experienced emotion (Dillon, Ritchey, Johnson, & LaBar, 2007; Goldin, McRae, Ramel, & Gross, 2008; Binder et al., 2012) . Emotion suppression during encoding is also known to affect memory formation as evidenced by decreased later retrieval of both item and contextual information (Richards & Gross, 1999 , 2000 Binder et al., 2012) . In particular, emotion suppression at encoding decreased item memory as well as the level of confidence about memory performance for both emotional and neutral stimuli (Richards & Gross, 1999 , 2000 Binder et al., 2012) . Similarly, emotion suppression during encoding impaired memory for contextual information for stimuli of low and high levels of negative emotion (Richards & Gross, 1999 , 2000 . However, while the effects of emotion suppression on item and contextual memory and on confidence about memory have been examined, it is unknown whether emotion suppression affects the subjective sense of recollection of emotional and neutral stimuli and its relation to the actual recollection for different types of contextual details.
Here, in a within-subject counter-balanced design we tested the effects of suppressing vs.
naturally experiencing one's emotion during encoding of emotional and neutral scenes on later subjective sense of recollection (tested with the Remember/Know paradigm), on confidence about memory for the scenes, as well as on memory of two contextual details, the color of frame around the scene (in Experiment 1) and the location of the scene on the screen (in Experiment 2).
We hypothesized that emotion suppression decreases arousal ratings during encoding and consequently weakens the subjective sense of recollection and confidence about memory, but differentially affects memory for extrinsic contextual details and intrinsic item features. In particular, if emotion suppression affects memory by decreasing arousal, the arousal-dependent subjective sense of recollection and associated confidence about memory should be decreased for emotional scenes, but not neutral scenes (Ochsner, 2000; Kensinger & Corkin, 2003) ; analogously memory for intrinsic item features should be decreased, while memory for extrinsic contextual details should be either not affected or increased (Mather, 2007; Kensinger, 2009b) .
Instead of a result of arousal modulation, a main effect of emotion suppression vs.
naturally experiencing one's emotion on memory in Experiment 1 and 2 could be interpreted in terms of a depletion of attentional and cognitive resources associated with emotion suppression (Johns, Inzlicht, & Schmader, 2008; Ortner, Zelazo, & Anderson, 2012; Franchow & Suchy, 2015) . In particular, it is thought that emotion suppression is a late modulation of emotional processing and therefore more cost intense in comparison to naturally experiencing one's emotions (Richards & Gross, 1999 , 2000 Binder et al., 2012) . Another emotion regulation technique with similar cost intensity, because of its late intervention to emotional processing, is intensifying ongoing emotion expression (Gross, 1998) . Indeed probably due to increased cognitive load, it has been found that intensifying emotion expression impairs later memory (Bonanno, Papa, Lalande, Westphal, & Coifman, 2004; Robinson & Demaree, 2009) . Because intensifying emotion expression induces cognitive costs, but does not decrease subjective arousal as emotion suppression Robinson & Demaree, 2009) , it is the ideal technique to disentangle the contribution of a suppressing-induced decrease of arousal vs.
potential cognitive costs of emotion suppression effects on later memory.
In a within-subject counter-balanced design, Experiment 3 therefore tested the effects of intensifying vs. naturally experiencing the expression of one's emotion on later subjective sense EMOTION REGULATION EFFECTS ON SUBJECTIVE RECOLLECTION 8 of recollection, confidence about memory, as well as memory for location of the scene on the screen. We hypothesized that intensifying emotional expression is cost intense but does not decrease arousal, and therefore should not weaken the subjective sense of recollection, confidence about memory and memory for the original location of each scene. Alternatively, if intensifying emotional expression decreases the subjective sense of recollection, confidence about memory and memory for the original location of each scene as a result of the increased cognitive load associated with the implementation of a response-focused emotion regulation strategy, findings in Experiments 1 and 2 might not be due to arousal modulation at all, but only due to the cost intensity of the intervention.
Experiment 1

Method
Participants. The study sample consisted of 23 participants (M = 23.44, SE = .99 years, 13 female). Intended sample size for all three experiments was decided before data collection (20 ≤ n ≤ 25), based on previous studies with a similar amount of trials and design (Ochsner, 2000; Sharot & Yonelinas, 2008; Rimmele et al., 2011; Rimmele et al., 2012) . Participants for Experiments 1 and 2 were recruited in parallel and randomly assigned to one of the two experiments and therefore exact sample size was defined by the availability of volunteers for the pre-defined data acquisition period (before all data analyses). All participants provided written informed consent approved by the local ethics committee and were paid for their participation.
Stimuli. Four sets of 30 neutral and 30 negative scenes were created. Two sets were presented at the two encoding sessions. For the two recognition tests, the encoded scenes were intermixed with a set of 60 novel scenes (30 neutral, 30 negative). The photo sets presented at encoding and recognition were counterbalanced across conditions and subjects. The emotional scenes were higher in their normative ratings of arousal (M = 5.71 SD = .74; 1 = calm, 9 = excited) and lower in valence (M = 2.67 SD = .83; 1 = unhappy, 9 = happy) compared to the neutral scenes (arousal: M = 3.81, SD = .89, valence: M = 5.78, SD = .99). All scenes were selected from the International Affective Picture Set (Lang, Bradley, & Cuthbert, 2008) . Each scene was presented inside a colored frame (blue, green, yellow or red). Colors were counterbalanced across neutral and negative scenes and across conditions. The stimuli were presented using E-Prime® software on a 17 inch computer monitor scaled to screen size.
Design and Procedure.
A randomized within-subject design was used. Each participant was tested in two conditions (Look vs. Suppress during encoding) on two different days with the order of condition balanced across subjects. Each condition included an encoding session followed by a recognition test one hour later (Figure 1 ). All data acquisition took place in the Brain and Behaviour Laboratory at the University of Geneva, Switzerland. Data were acquired by two female experimenters, trained by the principal investigator to provide the same instructions and feedback during the practice round. There was an English and a French version of all tasks and were provided to participants according to their preference (English version was translated to French, by a native French speaker).
Scene Encoding: During the encoding session, the 30 negative and 30 neutral scenes were presented with a colored frame pseudo-randomly in three blocks of 20 scenes with no more than three consecutive negative or neutral scenes. Each scene (4000 ms) was preceded by a white fixation cross (1000 ms) and followed by a 5000 ms blue screen. Participants were instructed to judge whether the color of the frame appeared in the scene or not by pressing one of two response keys during presentation of the blue screen. They were instructed to maintain the On two different days, participants encoded 30 negative and 30 neutral scenes under either Look or Regulate instructions (Suppress in Experiments 1 and 2; Express in Experiment 3), with the order of conditions balanced across participants. One hour after the encoding session, participants were tested in a recognition session. At encoding, in Experiment 1 scenes were presented in a colored frame, followed by participant's judgment whether the color of the frame appeared in the scene. In Experiments 2 & 3, scenes were presented at one of the four corners of the screen, followed by participant's indication in which corner the scene was presented; then each scene was rated for arousal and valence. At recognition, participants were shown the encoded scenes intermixed with 30 new negative and 30 new neutral scenes. For each scene, participants were asked their confidence about memory, remember/know judgments and the detail of interest (color of the frame for Experiment 1; location for Experiments 2 and 3). condition (Look vs. Suppress) during the presentation of each scene and the following blue screen. In the Look condition participants were instructed to look at the scenes as long as they were presented and naturally experience their emotions. In contrast, in the Suppress condition, participants were instructed to look at the scenes as long as they were presented and to suppress their emotions elicited by each scene (Robinson & Demaree, 2009; Hayes et al., 2010; Binder et al., 2012) , in order to induce expressive emotion suppression (Richards & Gross, 1999 , 2000 .
The specific instructions for the Suppress condition were: "Please, suppress your emotions during the presentation of each scene and during the blue screen. Please, try not to express your emotions on your face, so that someone watching at you would not be able to tell how you feel (poker face). We know that for some scenes this can be more difficult than others but it is very important for the success of the study that you try to suppress your emotions for each scene" (Binder et al., 2012) . After the blue screen, participants were asked to rate their emotions in terms of arousal and valence with the original Self-Assessment Manikin (SAM; Bradley & Lang, 1994 ) scale (1 = excited, 9 = calm; 1 = happy, 9 = unhappy; for the presentation of the tasks and the analyses, these scores will be reversed to 1 = calm, 9 = excited; 1 = unhappy, 9 = happy) with no time restriction.
A practice version of the task was administered to each participant beforehand to ensure that she or he understood the task and the specific instructions for each condition. During the practice, the experimenter asked the participants to either suppress or maintain their emotions during the presentation of the scenes and during the following blue screen.
Scene recognition: One hour after encoding, a self-paced recognition memory test was administered to assess the effect of Suppress vs. Look instruction during encoding on confidence about memory and subjective sense of recollection for the presented scenes, as well as on frame color recognition for scenes identified as formerly presented. For the recognition task, participants saw again the 60 scenes from the encoding without the colored frame, together with 60 new scenes (30 neutral, 30 negative). The scenes were presented pseudo-randomly with no more than three consecutive negative or neutral scenes, in overall six blocks of 20 scenes. Each scene was presented for 2000 ms and was followed by a self-paced confidence and Remember/Know judgments of their recognition memory.
For the confidence judgment, participants had to judge their confidence in having seen or not having seen the specific scene during the encoding session on a scale from one to six ( To distinguish the subjective sense of recollection from familiarity, participants were given a detailed definition of the Remember/Know paradigm, including examples (Rajaram, 1993) : they were instructed to provide a Remember response (R) when the scene brought back to mind a specific detail and/or association from the context in which the viewing of the scene had been experienced, such as a thought, a feeling or a contextual detail. In contrast, they were asked to provide a Know response (K), when the scene evoked a feeling of familiarity without episodic recollection of its occurrence. Participants were then asked to describe the meaning of Remember and Know in their own words and administered a practice round, during which participants were asked to explain why they chose to respond with Remember or Know for each of their choices and their correct understanding of the Remember/Know paradigm was verified.
Frame color recognition: If the participant has recognized the scene as previously seen (i.e. provided a Remember/Know response), the participant was asked to identify the color of the frame that the scene was originally surrounded during encoding, given four color choices and the option "I don't know". For this question, the original scene was presented again with the multiple choices of keystroke responses (1-5).
Data Analysis. Memory performance was analysed with a 2(emotional/neutral) x 2(Suppress/Look condition) mixed-design analyses of variance (ANOVA). Confidence about memory was analysed with a 2(emotional/neutral) x 2(Suppress/Look condition) x 3 (confidence levels) mixed-design analyses of variance (ANOVA) and with 2(emotional/neutral) x 2(Suppress/Look condition) mixed-design analyses of variance (ANOVA) separately for hit rate with low, medium and high confidence. To control for potential order effects, we ran a 2 (emotional/neutral) x 2 (Suppress/Look condition) mixed-design analyses of variance (ANOVA) with session order as a between-subject factor. Where it was appropriate, Greenhouse-Geisser corrections of degrees of freedom were used. Significant ANOVA effects were specified by pairwise contrasts using t tests. All tests were two-tailed and the level of significance was set at p ≤ .05. All analyses were performed with IBM SPSS Statistics for Windows, Version 21.0. Under emotion suppression emotional scenes were rated less negative in Experiment 1 (D) and in Experiment 2 (E) and neutral scenes were rated as more positive in Experiment 1 (D; emotion by condition interaction in Experiments 1 & 2; main effect of condition in Experiment 2). In all three experiments emotional scenes were rated as more negative in comparison to neutral scenes (D, E & F; main effect of emotion).
Results
Encoding
Error bars indicate SEM and * p < .05, ** p < .01, *** p < .001.
Memory
Effect of session order: There were no main effects or interactions of the session order with the condition or emotion for overall recognition scores, subjective sense of recollection and familiarity scores (all p > .223).
Overall recognition memory scores for scenes (RK hit rate -RK fa rate ): Overall recognition scores did not differ between emotional and neutral scenes (F ( Neither emotion nor condition had an effect on the proportion of high confidence judgments associated with correct memory for the color of the frame (all p > .606).
Discussion
In Experiment 1, we replicated previous findings by showing that emotion suppression decreases subjective arousal during encoding (Dillon et al., 2007; Binder et al., 2012) . Moreover, emotion suppression impaired overall recognition memory rates (RK hit rate -RK fa rate ) for emotional scenes, as it has been previously shown (Richards & Gross, 1999 , 2000 Binder et al., 2012) . However, emotion suppression did not significantly decrease high confidence hit rate, in contrast to previous findings in overall confidence about memory (Richards & Gross, 1999 , 2000 .
By asking participants to distinguish at recognition if their memory was characterized by subjective sense of recollection or familiarity, in our Look condition we observed that emotional scenes were more often recalled with subjective sense of recollection (R hit rate -R fa rate ) in comparison to neutral scenes, replicating previous findings (Ochsner, 2000; Sharot, Delgado, & Phelps, 2004) . Most importantly, we found that emotion suppression blunted the typically observed enhanced subjective sense of recollection for emotional vs. neutral scenes, but did not affect the reverse pattern in familiarity judgments. Since the emotional enhancement in subjective sense of recollection has been robustly found to be arousal-dependent (Ochsner, 2000; Kensinger & Corkin, 2003) , the observed effect of emotion suppression on lowering the emotional enhancement in subjective sense of recollection suggests that arousal modulation may be a crucial component of how emotion suppression affects memory.
While there was a strong enhancement for the subjective sense of recollection (R hit rate -R fa rate ) in the Look condition, overall recognition memory rates (RK hit rate -RK fa rate ) were only marginally enhanced for emotional vs. neutral images in the Look condition. This finding is consistent with the notion that emotional enhancement of the subjective sense of recollection is more robust than emotional enhancement on overall recognition scores (Phelps and Sharot 2008) . Indeed the emotional enhancement is not necessarily found for overall recognition memory rates (Kensinger & Corkin, 2003; Sharot et al., 2004; Sharot & Yonelinas, 2008) . In our experiment, the long presentation of the scenes during encoding, in order to allow sufficient emotion regulation time, might have boosted overall recognition scores for both emotional and neutral scenes. Such ceiling effects do undermine the detection of differences in memory measures (Uttl, 2005) and therefore the high overall recognition scores might have circumvented an emotional memory enhancement to emerge. Moreover, previous studies found that emotion slows forgetting, i.e. the emotional memory enhancement becomes greater over time (Sharot & Yonelinas, 2008) . The relatively short interval between encoding and recognition task in our study (one hour) might not have allowed the emotional enhancement in memory performance to emerge.
Across the Look and the Suppress conditions, the proportion of R hits associated with correct recollection for the color of the frame was higher for neutral scenes in comparison to emotional scenes, as previously shown for this type of detail (Rimmele et al., 2011; Boywitt, 2015) . Interestingly, there was no main effect or interaction of emotion suppression on memory for a contextual detail. This finding accords with the theoretical frameworks proposed to distinguish the arousal effects on memory for within-and between-item features (Mather, 2007) and intrinsic and extrinsic details (Kensinger, 2009b) : memory for the color of the frame around a scene, being a between-item feature or an extrinsic contextual detail, would either remain unaffected or even improve with a decrease in subjective arousal, such as after emotion suppression.
To further understand the effects of emotion suppression on the subjective sense of recollection in relation to actual context recollection, in Experiment 2 we set out to examine the R hit rate linked with accurate recollection for a different type of detail, i.e. the location where each scene was originally presented on the screen. In contrast to the color of the frame in Experiment 1, spatial location is considered as a within-item (Mather, 2007) or intrinsic item feature (Kensinger, 2009b) Two participants were excluded from analysis, due to false alarm rates higher than 2 standard deviations in at least one of the 2 conditions (n = 1, female and n = 1, male).
Stimuli.
The same scenes as in Experiment 1 were used. Instead of a colored frame around each scene, we presented each scene in one of the four corners of the screen. The four locations were equally distributed across emotional and neutral scenes between conditions.
Design and Procedure. As in Experiment 1, participants were tested in two conditions (Suppress vs. Look) in balanced order across subjects (Fig. 1) . At the encoding session, participants were instructed to either naturally experience (Look condition) or to suppress their emotions (Suppress condition) during the presentation of each scene and the following blue screen (for specific instructions, see Experiment 1). They were asked to indicate the screen location of each scene (one of the four corners of the screen) by pressing one of four response keys during the blue screen following the presented scene. After the blue screen, they were asked to rate the arousal and valence that each scene had evoked. At the recognition session one hour after encoding, participants were asked to judge their recognition confidence, provide
Remember/Know judgments and indicate in which corner of the screen they had seen the recognized scene during encoding (i.e. after Remember/ Know response had been provided for the scene, participants were given four options for scene location and the additional option: "I don't know").
Data Analysis. Same as in Experiment 1. Fig. 2E ).
Results
Encoding
Memory
Effect of session order: There were no main effects or interactions of the session order with the condition or emotion for overall recognition scores, subjective sense of recollection and familiarity scores (all p > .146).
Overall recognition memory scores for scenes (RK hit rate -RK fa rate ): While there was no main effect of emotion on overall recognition scores in Experiment 1, overall recognition memory rates were higher for emotional vs. Emotion suppression did not affect overall recognition memory scores (RK hit rate -RK fa rate ) for emotional scenes in Experiment 1 (Panel A; note there was a trend for emotion by condition interaction), but decreased overall recognition memory scores in Experiment 2 (B; main effect of condition). There was no effect of intensifying emotion in Experiment 3 (C). Overall recognition rates were higher for emotional vs. neutral scenes in Experiments 2 and 3 (B & C; main effect of emotion). Emotion suppression blunted the emotional enhancement in subjective sense of recollection (R hit rate -R fa rate ) in Experiment 1 (D; emotion by condition interaction) and decreased subjective sense of recollection in Experiment 2 (E; main effect of condition). Intensifying emotion had no effect in Experiment 3 (F). In all three experiments emotional scenes were recalled with increased Neither emotion nor condition had an effect on the proportion of high confidence rates associated with correct memory for original location of each scene (all p > .107).
Discussion
Consistent with Experiment 1 and previous findings, Experiment 2 showed that emotion suppression decreases subjective arousal during encoding (Dillon et al., 2007; Binder et al., 2012) and lowers later overall recognition memory scores (Richards & Gross, 1999 , 2000 Binder et al., 2012) . This decrease in overall recognition was observed also for neutral scenes in Experiment 2. In addition to Experiment 1 findings, emotion suppression decreased high confidence hit rate in Experiment 2, replicating previous studies (Richards & Gross, 1999 , 2000 .
As in Experiment 1, we replicated the typical enhancement in subjective sense of recollection (R hit rate -R fa rate ) for emotional vs. neutral scenes in the Look condition in Experiment 2 (Ochsner, 2000; Sharot et al., 2004) . Crucially, in Experiment 2, emotion suppression decreased the subjective sense of recollection. In addition, emotion suppression did not affect familiarity judgments.
Considering context memory, R hits with correct memory for location did not significantly differ between emotional and neutral scenes, replicating a previous study (Rimmele et al., 2012;  but see : Boywitt, 2015) . Moreover, while emotion suppression decreased arousal, it did not affect memory for the location of a scene, in contrast to previous studies that report memory for intrinsic details to be higher for arousing material (D'Argembeau & Van der Linden, 2004; Mather & Nesmith, 2008) .
In Experiment 2, there was a main effect of emotion suppression on subjective sense of recollection in contrast to Experiment 1, where emotion suppression specifically lowered the subjective sense of recollection for emotional but not neutral scenes. The distinct effects of emotion suppression in the two experiments may stem from the subtle differences of the two tasks during encoding (i.e. scenes presented in coloured frame in Experiment 1 and on one of the four corners of the screen in Experiment 2), which may have affected the encoding processes.
Moreover, in addition to emotion suppression modulating arousal in Experiment 1, it may be that emotion suppression is a cost-intensive process resulting in a decrease in overall subjective sense of recollection, as found in Experiment 2.
In order to disentangle the contribution of arousal modulation vs. potential cognitive costs linked to emotion suppression (e.g. dual task conditions), in Experiment 3 we asked our participants to intensify instead of suppress their emotion expression during memory formation and consequently tested subjective sense of recollection in relation to actual recollection of the original location of each scene. We set out to test the hypothesis that intensifying emotional expression is a cost-intense process but does not decrease arousal and therefore it should not weaken the subjective sense of recollection and the recollection of this intrinsic item feature of each scene.
Experiment 3
Method
Participants. The study sample consisted of 25 participants (M = 24.35, SE = .8 years, 13 female), who did not participate in either Experiment 1 or Experiment 2. Intended sample size for all three experiments was decided before data collection (20 ≤ n ≤ 25), based on previous studies with a similar amount of trials and design (Ochsner, 2000; Sharot & Yonelinas, 2008; Rimmele et al., 2011; Rimmele et al., 2012) . Participants for Experiment 3 were recruited after completion of Experiment 1 and 2 (before data analysis for Experiment 3). All participants provided written informed consent approved by the local ethics committee and were paid for their participation.
Stimuli. The same scenes and presentation of these scenes (at one of the four corners of the screen) were used as in Experiment 2.
Design and Procedure. The experimental procedure was identical to Experiment 2 with few modifications (Fig. 1) .
As in Experiment 2, participants were tested in two conditions (Express vs. Look) in balanced order across subjects. Instead of a Suppress condition as in Experiments 1 and 2, participants were asked to intensify the expression of their emotions elicited by each scene (Express condition), whereas in the Look condition instructions were the same as in Experiments 1 and 2.
The specific instructions for the Express condition were: "Please, try to experience and intensify the emotions each image makes you feel. Try to express your emotions the most you can. For the success of the study it is essential that you follow the instructions and try to express your emotions the most you can during the presentation of each scene and during the blue screen" (Bonanno et al., 2004; Demaree et al., 2006; Robinson & Demaree, 2009 ).
To circumvent ceiling effects in the case the Express condition would improve memory performance (as pilot data suggested), the presentation time of the scenes during encoding was decreased to 2500 ms.
Data Analysis. Same as in Experiment 1.
Results
Encoding. Consistent with Experiment 1 and Experiment 2, emotional scenes were rated as more arousing than the neutral scenes (M emo = 5.47, SE = .22 vs. M neut = 3.53, SE = .22; F(1, 24) = 54.221, p < .001, η 2 = .693 for main effect of emotion). In Experiment 3, there was neither a main effect of condition (F(1, 24) = 2.198, p =.151, η 2 = .084) nor an emotion by condition interaction (F(1, 24) = 1.343, p = .258, η 2 = .053; Fig. 2C ) on arousal ratings.
As in Experiments 1 and 2, participants rated the emotional scenes as more negative than the neutral scenes (M emo = 3.16, SE = .13 vs. M neut = 5.57, SE = .14; main effect of emotion: F(1, 24) = 113.46, p < .001, η 2 = .825). In Experiment 3, there was neither a main effect of condition (F(1, 24) =.059, p = .810, η 2 = .002) nor an emotion by condition interaction (F(1, 24) = .672, p = .421, η 2 = .027; Fig. 2F ) on valence ratings.
Memory
Effect of session order: There were no main effects or interactions of the session order with the condition or emotion for overall recognition scores, subjective sense of recollection and familiarity scores (all p > .087).
Overall recognition memory scores for scenes (RK hit rate -RK fa rate ): Overall recognition memory rates were higher for emotional vs. In all three experiments, high confidence hit rate (hit rate with high confidence, 6 = I am sure I have seen this scene before) was higher for emotional vs. neutral scenes (main effect of emotion). In Experiment 2, emotion suppression decreased high confidence hit rate (B; main effect of condition). There were no effects of condition on high confidence hit rates in Experiments 1 and 3 (A & C). Error bars indicate SEM and * p < .05, ** p < .01, *** p < .001. Error bars indicate SEM and * p < .05, ** p < .01, *** p < .001.
Discussion
In Experiment 3, we observed that intensifying emotion expression did not affect subjective arousal ratings of emotional scenes, unlike in previous studies using similar procedures (Dillon et al., 2007; Kim & Hamann, 2007) and the observed emotion suppression effects on arousal in Experiment 1 and 2. Moreover, in contrast to previous findings (Bonanno et al., 2004; Demaree et al., 2006) and to emotion suppression effects in Experiments 1 and 2, intensifying emotion expression affected neither overall recognition memory scores nor confidence about memory.
Interestingly, intensifying emotion expression also did not alter the subjective sense of recollection (R hit rate -R fa rate ) for emotional vs. neutral stimuli. In particular, there was a main effect of emotion, i.e. the characteristic enhancement in subjective sense of recollection for emotional vs. neutral scenes in both conditions, replicating the Look condition of Experiment 1 and 2, as well as previous findings (Ochsner, 2000; Sharot et al., 2004) . In addition, there was no effect of the Express condition on familiarity judgments.
It is possible that there was no effect of intensifying emotion expression on overall recognition memory scores, confidence about memory and subjective sense of recollection, because there was no effect of this emotion regulation technique on arousal ratings. However, as the two null findings cannot be statistically compared, a direct link between the absence of these two effects cannot be proven.
In Experiment 3, there was no difference in the proportion of R hits associated with correct memory for the original location of each scene between emotional and neutral scenes, consistent with a previous study (Rimmele et al., 2012; but see Boywitt, 2015) . In contrast to emotion suppression in Experiments 1 and 2, we observed here that intensifying emotion expression decreased the recollection of the original location specifically for emotional scenes in comparison to the control condition.
General Discussion
To summarize, in Experiment 1 we demonstrated that emotion suppression decreases subjective arousal and lowers later overall recognition scores for emotional scenes and, more importantly, blunts the characteristic emotional enhancement in subjective sense of recollection.
In Experiment 2, emotion suppression decreased subjective arousal and later overall recognition scores as well as subjective sense of recollection. Moreover, intensifying one's emotion in Experiment 3 induced no change in subjective arousal and did not affect later memory and subjective sense of recollection. Interestingly, emotion suppression did not affect the actual recollection of an extrinsic contextual detail (Experiment 1) and an intrinsic item feature (Experiment 2), while intensifying vs. naturally experiencing emotion expression decreased the recollection of an intrinsic item feature for emotional scenes (Experiment 3).
This study extends previous work by showing that emotion suppression modulates subjective sense of recollection (R hit rate -R fa rate ) but not familiarity (Experiments 1 & 2). In contrast, intensifying emotion expression does not affect any of the two memory measures (Experiment 3). Across the three experiments, in our Look condition we observed that emotional scenes were more often recalled with an enhanced subjective sense of recollection in comparison to neutral scenes, replicating a robust finding of previous studies (Ochsner, 2000; Kensinger & Corkin, 2003; Sharot et al., 2004; Sharot & Yonelinas, 2008; Rimmele et al., 2011; Rimmele et al., 2012; Boywitt, 2015) . Crucially, we found no emotional enhancement for the subjective sense of recollection in the Suppress condition in Experiment 1 and an overall decrease in the subjective sense of recollection in the Suppress condition in Experiment 2. In contrast, there was no effect of intensifying emotion expression on the subjective sense of recollection in Experiment 3. The dual task demands of emotion regulation per se thus did not affect subjective sense of recollection.
Consistent with previous findings (Dillon et al., 2007; Kim & Hamann, 2007; Binder et al., 2012) , emotion suppression decreased subjective arousal in Experiments 1 and 2. In contrast, intensifying emotion expression in Experiment 3 did not affect subjective arousal. Because blocking arousal with the beta-adrenergic antagonist propranolol at encoding impairs the emotional memory enhancement (Cahill, Prins, Weber, & McGaugh, 1994; Strange, Hurlemann, & Dolan, 2003) and reduces the later subjective sense of recollection (Rimmele, Lackovic, Tobe, Leventhal, & Phelps, 2016) , we surmise that the decrease in subjective arousal at encoding in the Suppress condition may contribute to the later decrease in subjective sense of recollection in Experiments 1 and 2. This interpretation is consistent with a previously found linear relation between arousal and subjective sense of recollection (Ochsner, 2000; Kensinger & Corkin, 2003) . Of note, when intensifying emotion expression in Experiment 3, we observed no change in both subjective arousal and later subjective sense of recollection.
Regarding context memory, we found no effect of emotion suppression on the actual recollection of an extrinsic contextual detail (color of the frame in Experiment 1) and an intrinsic item feature (the original location of each scene in Experiments 2). Interestingly, intensifying vs.
naturally experiencing emotion expression in Experiment 3 specifically lowered recollection of an intrinsic item feature for emotional scenes. Consistent with previous findings (Rimmele et al., 2011; Boywitt, 2015) , in Experiment 1 we found increased recollection of an extrinsic contextual detail for neutral vs. emotional scenes in respect to remember responses in both conditions, in agreement with the account that arousal does not benefit memory for extrinsic contextual details (Kensinger, 2009b) . Replicating previous findings (Rimmele et al., 2012; but see: Boywitt, 2015) , in Experiments 2 and 3 there was no main effect of emotion for the proportion of R hits with correct memory for the location of the scenes, but an emotion by condition interaction in Experiment 3. These findings suggest that different response-focused emotion regulation techniques modulate the subjective sense of recollection and its relation to actual recollection for contextual details in a different way. Given that suppression decreased arousal in Experiment 2 and intensifying emotion expression did not affect arousal in Experiment 3, it is less likely that the observed effects of intensifying emotion expression on the recollection of intrinsic details for emotional scenes are due to arousal modulation.
Consistent with previous studies (Richards & Gross, 1999 , 2000 Binder et al., 2012) , we found that emotion suppression decreases overall recognition scores for emotional scenes in Experiment 1 and overall recognition scores in Experiment 2. However, in contrast to previous findings (Dillon et al., 2007; Kim & Hamann, 2007) , intensifying emotion did not affect overall recognition memory scores in Experiment 3. Response-focused emotion regulation techniques, such as suppressing and intensifying emotion expression, have been reported cost-intense even for irrelevant following cognitive tasks (Schmeichel, Vohs, & Baumeister, 2003; Gyurak, Goodkind, Kramer, Miller, & Levenson, 2012; Friese, Binder, Luechinger, Boesiger, & Rasch, 2013) and their memory effects are commonly explained by the assumed cognitive load of their late intervention to emotional processing (Richards & Gross, 1999 , 2000 Binder et al., 2012) . Nevertheless, cost intensity in terms of subjective effort ratings has been found to be only a partial component of the emotion regulation effects on memory, as revealed by a mediation analysis (Robinson & Demaree, 2009 ). Indeed, cost-intensity might not be the crucial component modulating memory particularly for arousing stimuli: when cognitive load has been experimentally manipulated with a divided attention paradigm, memory for arousing stimuli was not or only minimally affected, in contrast to memory for neutral stimuli (Bush & Geer, 2001; Kern, Libkuman, Otani, & Holmes, 2005; Kensinger, 2009a) . Our data suggest that another crucial component of emotion regulation effects on memory might be the modulation of arousal, as we have proposed in our hypothesis for the case of distinct memory effects for Suppress vs. Look and Express vs. Look conditions.
Emotion suppression decreased arousal, overall recognition and subjective sense of recollection, while intensifying emotion had no effect on arousal, overall recognition and subjective sense of recollection. As such, the modulation of arousal may be the crucial component underlying the effects of emotion suppression on overall recognition rates and subjective sense of recollection.
Moreover, emotion suppression decreased high confidence hit rate in Experiment 2 but not in Experiment 1. There was no effect of intensifying emotion expression on high confidence hit rate in Experiment 3. In previous studies, emotion suppression consistently decreased confidence about memory, in accordance with the findings for high confidence hit rate in Experiment 2 (Richards & Gross, 1999 , 2000 . The small number of correctly recognized scenes with low and medium confidence judgments in all experiments restricted potential comparisons between confidence levels and therefore future studies are needed to address more precisely the effects of suppressing and intensifying emotion expression on different confidence levels.
A limitation of our study paradigm is that the influences of suppressing vs. intensifying emotion on memory were tested in different experiments, rather than in a within-study design.
Given the different participant samples and the fact that there were procedural changes between the Suppress and the Express experiments (photos were shown for 4 s vs. 2.5 s during encoding), the results cannot be directly compared across experiments. Moreover, it might also be that intensifying emotion expression is indeed something very different to emotion suppression and these response-focused emotion regulation techniques are not comparable to each other, because the underlying cognitive processes differ to such a degree that it should not be expected to have similar cost-intensity and effects on memory encoding. Interestingly, in an fMRI study comparing emotion suppression vs. imitating emotion expression in order to increase emotional response to dynamic emotional expressions, only emotion suppression was found to increase activity in brain regions associated with cognitive control, while imitation induced higher activity in regions related to emotion, somatosensory and (pre)motor processing as well as social cognition (Vrticka et al., 2013) . Future studies need to test the impact of different emotion regulation strategies, such as suppressing and intensifying emotion, within the same experiment to allow direct comparison.
Further experiments will be needed to clarify the role of arousal modulation in emotion regulation effects on memory. In particular, the arousal modulation component could be further studied by including physiological measures as additional indicator of arousal. In previous studies, emotion suppression has been reported to decrease physiological arousal as indicated by overall somatic activity and heart rate (Gross & Levenson, 1993; Kunzmann, Kupperbusch, & Levenson, 2005) as well as startle magnitude and corrugator activity (Jackson, Malmstadt, Larson, & Davidson, 2000) , but to increase overall sympathetic activity (Gross & Levenson, 1993 , 1997 Kunzmann et al., 2005; Roberts, Levenson, & Gross, 2008) . Further research is needed to clarify how suppressing or intensifying emotion expression affects different measures of physiological arousal specifically in perspective to memory measures such as subjective sense of recollection and actual context recollection for different types of details.
Moreover, future neuroimaging studies need to address the underlying neural mechanism of emotion suppression effects on subjective sense of recollection. Emotion suppression has been associated with decreased activation of amygdala and hippocampus (Ohira et al., 2006; Hayes et al., 2010; Binder et al., 2012) , impaired amygdala-hippocampus coupling (Hayes et al., 2010) as well as reduced functional connectivity between hippocampus and dorsolateral prefrontal cortex during emotional memory encoding (Binder et al., 2012) . Activity in the same brain regions (amygdala and hippocampus) has been associated with the increased subjective sense of recollection for emotional vs. neutral stimuli (Cahill, Uncapher, Kilpatrick, Alkire, & Turner, 2004; Sharot et al., 2004; Dolcos, LaBar, & Cabeza, 2005) . Possibly, emotion suppression during memory formation affects activity of the amygdala and hippocampus and their interaction, and thus lowers the subjective sense of recollection.
In summary, this study shows for the first time that emotion suppression affects the subjective sense of recollection, while intensifying emotion expression has no effect on the subjective sense of recollection. Moreover, emotion suppression did not affect the actual recollection of an extrinsic contextual detail and an intrinsic item feature, but intensifying emotion decreased actual recollection of intrinsic item features of emotional scenes. Emotional memories are commonly recalled as a very vivid part of our experience, with an enhanced subjective sense of recollection irrespective of actual context recollection (Phelps & Sharot, 2008 ). Our findings demonstrate that is possible to alter this later subjective sense of recollection with a short behavioural intervention during memory formation. In particular, a better understanding of emotion suppression and its effects on subjective sense of recollection and actual recollection of different types of contextual details might crucially inform and contribute to the development of effective interventions for the case of traumatic emotional memories, commonly characterized by increased vividness but weak context associations (Maren, Phan, & Liberzon, 2013) .
